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(54) Knock detection system

(57) A system for detecting the presence of a knock
condition by interpreting a broadband spectra signal as
measured from an internal combustion engine is
described. The system includes a spectra measurement
device, preferably an accelerometer (101) mounted to an
engine for providing a broadband spectra signal (103) to
a knock detector (105). Preferably the knock detector
(105) is based on a digital signal processor. The signal
(103) is provided simultaneously to knock discrimination
elements (405, 409, and 413), that provide a knock spec-
tra signal (415) representative of the average energy
within a predetermined knock spectra, and noise dis-
crimination elements (417,421, and 425), that provide a
noise spectra signal (427) representative of average
energy within a predetermined noise spectra. The knock
spectra signal (415) is combined with the noise spectra
signal (427) to provide a knock signal (431) when an
engine knocking condition is detected.
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Description

Field of the Invention

This invention is related to the field of knock detec-
tion within an internal combustion engine, and more spe-
cifically to a system for extracting an accurate
representation of an engine knock signal from a broad-
band spectra provided by an engine mounted vibration
sensor.

Background of the Invention

Engine control systems with knock detection capa-
bility, are used to detect and eliminate knocking condi-
tions, characteristic of the operation of internal
combustion engines. Eliminating a knocking condition is
important because, left unchecked engine power and
efficiency will suffer, and combustion chamber and spark
plugs will be damaged.

Knock detection systems typically use an acceler-
ometer based sensor mounted on an engine for convert-
ing engine vibration into an electrical signal. This
electrical signal includes a broad spectra of information
about the engine's operating condition. Included in this
signal is the knock information, and extraneous informa-
tion known as noise. When knocking occurs, the knock
component of the signal results from gas oscillations in
the combustion chamber during combustion. The noise
component of the signal generally is significant and can
be large enough to mask the knock component. The
noise component may be comprised of several sources
including piston slap vibration, valve closing vibration,
and other systemic noise.

Various techniques have been applied to extract the
knock information from the electrical signal representa-
tive of engine vibration, however, these techniques have
been limited in accuracy and reliability. The knock com-
ponent of the signal varies considerably in magnitude
and frequency over the full operating range of the engine.
This partially is related to, gas temperature, and combus-
tion chamber geometry. Moreover, there are variations
from engine to engine and from cylinder to cylinder within
the same engine that affect the relationship of the knock
component to the noise component.

To provide for this range of conditions, typically
knock detection schemes use a broadband bandpass fil-
ter to extract knock information from the broadband elec-
trical signal. Some schemes include engine crank angle
based windowing, to restrict the analysis of knock to
when it could likely occur in the combustion cycle. Other
schemes attempt to improve the signal-to-noise ratio of
the measurement by employing a second, or noise,
bandpass filter having a passband located distant to the
passband of the knock bandpass filter. The output of this
noise bandpass filter is then subtracted from the output
of the knock bandpass filter. The concept here is that the
noise bandpass filter will indicate the level of noise signal
located apart from the knock bandpass filter. This
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assumes that noise is broadband, and that the noise
componentin the knockband is of substantially the same
magnitude. Thus, by subtracting the output of the noise
bandpass filter from the output of the knock bandpass
filter a more accurate representation of the knock com-
ponent may be obtained.

This scheme is defective for several reasons, includ-
ing that the filters intrinsically have a phase delay error.
When the noise is subtracted this error detracts from
accurately canceling the noise component of the signal.
Further, since the noise band is located apart, only the
noise located apart from the characteristic knock fre-
quencies can be detected. In fact, the noise is not really
broadband and there can be substantial noise located
close to the characteristic knock frequencies that will not
be canceled in this scheme. Also, with present schemes,
extensive calibration is required to determine for each
engine time a characteristic knock frequency, and if
used, appropriate crank angle window, and a knock
threshold. Additionally, as the engine speed increases,
the systemic noise content increases substantially, and
current systems perform inadequately. Finally, in these
schemes the knock detection threshold is not adjusted
with sensor gains and system aging.

To further improve accuracy some systems use a
multi-cycle averaging technique. Because of the
dynamic characteristic of combustion within the combus-
tion chamber, the knock component has a random
behavior and therefore multi-cycle averaging works
poorly.

What is needed is an improved system for detecting
knock in internal combustion engines that is more relia-
ble, and accurate, can detect knock at high engine
speeds, requires minimum calibration and can be easily
applied to different engine families.

Brief Description of the Drawings

FIG. 1 is a block diagram of a knock detection sys-
tem, in accordance with the invention.

FIG. 2 is a chart representing a broadband spectra
signal, derived from an accelerometer as described in
the preferred embodiment.

FIG. 3 is a chart representing a knock logic signal
extracted by a knock detection apparatus, as described
in the preferred embodiment.

FIG. 4 is a block diagram, further illustrating the
details of the knock detection apparatus block shown in
FIG. 1

FIG. 5 is a chart showing a spectra plot representing
the filtering characteristics of a knock spectra multiple
bandpass infinite impulse response filter, as described
in the preferred embodiment.

FIG. 6 is a chart showing a spectra plot representing
the filtering characteristics of a noise spectra multiple
bandpass infinite impulse response filter, as described
in the preferred embodiment.

FIG. 7 is a chart showing a continuous time repre-
sentation of a knock spectra signal output from a knock
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spectra multiple bandpass infinite impulse response fil-
ter, as described in the preferred embodiment.

FIG. 8 is a chart showing a continuous time repre-
sentation of an absolute knock spectra signal output from
an absolute value element.

FIG. 9 is a chart showing a continuous time repre-
sentation of an absolute average knock spectra signal
output from an infinite impulse response lowpass filter.

FIG. 10 is a chart showing a continuous time repre-
sentation of a noise spectra signal output from a noise
spectra multiple bandpass infinite impulse response fil-
ter, as described in the preferred embodiment.

FIG. 11 is a chart showing a continuous time repre-
sentation of an absolute noise spectra signal output from
an absolute value element.

FIG. 12 is a chart showing a continuous time repre-
sentation of an absolute average noise spectra signal
output from an infinite impulse response lowpass filter.

FIG. 13 is a chart showing a knock signal, as
described in the preferred embodiment.

FIG. 14 is a chart showing an average negative
knock-noise signal, used to derive a noise adaptive
knock threshold.

Detailed Description of a Preferred Embodiment

In a preferred embodiment a system for detecting
the presence of a knock condition by interpreting a
broadband spectra signal as measured from an internal
combustion engine is described. The system includes a
spectra measurement means for providing a broadband
spectra simultaneously to a knock discrimination means,
that provides a knock spectra signal representative of the
average energy within a predetermined knock spectra,
and a noise discrimination means, that provides a noise
spectra signal representative of average energy within a
predetermined noise spectra. The knock spectra signal
is combined with the noise spectra signal to provide a
knock signal when an engine knocking condition is
detected. This system does this in real time during a sin-
gular combustion event. This avoids any inaccuracy due
to multi-cycle averaging, or due to the characteristically
random behavior of the knock spectra signal.

FIG. 1 is a system block diagram depicting the gen-
eral configuration of a knock detection system. An
engine mounted spectra measurement means, in this
case an accelerometer 101, derives a broadband spec-
trasignal 103, indicative of a broadband spectra vibration
characteristic of the engine. This broadband spectra sig-
nal 103 is provided to a knock detection apparatus 105.
If a knocking condition is detected the knock detection
apparatus 105 will provide a knock logic signal 107 to an
engine controller 109. This knock logic signal 107 is pro-
vided to the engine controller 109 to control, or eliminate
the knocking of the engine. Of primary interest in this sys-
tem, is the knock detection apparatus 105, which is
detailed below.

FIG. 2is a chart representing the broadband spectra
signal 103, derived from the accelerometer 101. This is
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shown for three consecutive cylinder firings correspond-
ing to t4, t2, and t3. Note that in the charts that follow the
time reference marks are t4, t5, and t3 used to indicate
synchronicity with this broadband spectra signal 103. As
described earlier, this electrical signal includes a broad-
band spectra of information about the engine's operating
condition. Included in this signal is knock spectra infor-
mation, and extraneous spectra information known as
noise.

FIG. 3 is a chart representing the knock logic signal
107, as detected by the knock detection apparatus 105.
In this chart three successive knock events are detected
and shown. Next, the details of the knock detection appa-
ratus 105 will be revealed.

FIG. 4 is a block diagram that further illustrates the
details of the knock detection apparatus 105.

In the preferred embodiment the knock detection
apparatus 105 is shown using discrete time signal
processing elements. Alternatively, those skilled in the
art will recognize other equivalent embodiments such as
those using conventional continuous time signal
processing elements, such as analog elements. Discrete
time signal processing was chosen because of the ben-
efits it has over continuous time signal processing ele-
ments. These benefits include fewer components, stable
deterministic performance, no aging, no drift, no adjust-
ments, easily tunable for various engines, high noise
immunity, and self test capability.

The broadband spectra signal 103 enters an analog-
to-digital converter 401, for conversion from a continuous
time analog signal 103 into a discrete time digital repre-
sentation of the broadband spectra signal 403. Those
skilled in the art will recognize many analog-to-digital
converters suitable for the conversion. In FIG. 4 the
remaining elements are emulated in microcoded soft-
ware executed on a digital signal processor or DSP. In
this case a Motorola DSP56001 device is used. The
Motorola DSP56001 has the capability of executing over
ten million instructions per second, and with 24 bit wide
data paths provides 144 dB of dynamic range. Of course,
those skilled in the art will recognize other equivalently
useful DSP devices, or hardwired approaches vs.
microcoded approaches.

The elements that follow are used to determine the
average energy of the knock related spectra. Consider-
ing average energy is preferable, although not strictly
required, becauseitfurther increases the accuracy of the
detection system. This is done by discriminating
between knock and noise signals, estimating average
energy, and subtracting average noise energy from aver-
age knock energy.

The analog-to-digital converter 401 provides the dis-
crete time broadband spectra signal 405 both to a knock
spectra multiple bandpass IIR, or infinite impulse
response, filter 403 and a noise spectra multiple band-
pass IR filter 419. The knock spectra multiple bandpass
filter 405 has a frequency response depicted in FIG. 5,
and is pretuned to pass known knock mode frequencies,
and to reject all other frequencies. The noise spectra
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multiple bandpass filter 417 has a frequency response
depicted in FIG. 6, and is pretuned to pass a spectra
adjacent to the known knock mode frequencies, and to
reject all other frequencies. These filters, or frequency
discrimination means, are tuned to extract narrowband
spectra components from a broadband specira. Note
that the center frequencies of the respective multiple
bandpass filters are interdigitated. This is because the
noise occurring within the total bandwidth of the knock
spectra, as delimited by the outermost knock filters, is
determined by the noise filters located adjacently and
within the knock spectra bandwidth. This is an important
distinction over the prior art. Because of this arrange-
ment knock can be more accurately determined.

As mentioned earlier, the Motorola DSP56001
device is programmed to emulate an IR filter for filters
405 and 417. Of course, other filter configurations, such
as a finite impulse response, or FIR filter may be used.
The IIR filter was chosen because of its resource effi-
ciency.

The discrete time signal output from the knock mul-
tiple bandpass filter 405 is shown in FIG. 7, and repre-
sents a knock spectra signal 407. This knock spectra
signal 407 is provided to an absolute value element 409.
The transformation of the signal 407 to its absolute value
is accomplished by a simple software instruction on the
Motorola DSP56001. The result is an absolute knock
spectra signal 411. This absolute knock spectra signal
411 is shownin FIG. 8. This is done to provide a DC level
for average energy estimation. The absolute knock spec-
tra signal 411 is provided to an |IR lowpass filter element
413. This filter 413 provides an average absolute knock
spectra signal 415, representative of average energy
within the absolute knock spectra signal 411. The aver-
age absolute knock spectra signal 415 is shown in FIG.
9. Toreiterate, elements including the multiple bandpass
IR filter 405, the absolute value element 409, and the
lIR lowpass filter element 413 together provide a knock
discrimination means for providing a knock spectra sig-
nal representative of average energy within a predeter-
mined knock spectra as extracted from the broadband
spectra signal.

The discrete time signal output from the noise mul-
tiple bandpass filter 417 is shown in FIG. 10, and repre-
sents a noise spectra signal 419. This noise spectra
signal 419 is provided to an absolute value element 421.
The result from the absolute value instruction is an abso-
lute noise spectra signal 423. This absolute noise spec-
tra signal 423 is shown in FIG. 11. The absolute noise
spectra signal 423 is provided to an |IR lowpass filter ele-
ment 425. This filter 425 provides an average absolute
noise spectra signal 427, representative of average
energy within the absolute noise spectra signal 423. The
average absolute noise spectra signal 427 is shown in
FIG. 12. To reiterate, elements including the multiple
bandpass IR filter 417, the absolute value element 421,
and the IR lowpass filter element 425 together provide
a noise discrimination means for providing a noise spec-
tra signal representative of average energy within a pre-
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determined noise spectra as extracted from the
broadband spectra signal.

A combining, or summing element 429 subtracts the
average noise energy, or average absolute noise spectra
signal 427 from the average knock energy, or average
absolute knock spectra signal 415. A knock signal 431
is provided at the output of this combining element 429.
This knock signal 431 is shown in FIG. 13 and represents
the knock information extracted from the broadband
spectra signal 103.

The knock logic signal 107 is provided by compar-
ing, with element 453, the knock signal 431 with a thresh-
old 451. This threshold may be fixed, or variable. In the
simplest case it is a fixed value. A fixed threshold is
shown in FIG. 13 as reference number 1301. In the
Motorola DSP56001 this is represented by a binary
number. In an analog system this may be a voltage.

With the system as described above a more accu-
rate and reliable extraction of knock information, or the
knock component of the broadband spectra, has been
translated into the knock signal 431 and the knock logic
signal 107.

Afurtherimprovement in accuracy and reliability can
be attained by providing a proforma, variable threshold
as follows.

The noise discrimination means 417,421, and 425
provides a signal representative of average energy
within the predetermined noise spectra, estimating the
level of average noise energy in the knock spectra.
Because of this estimation, the noise discrimination
means may output a noise signal in excess of the actual
average noise energy within the knock spectra. Because
of this, after combination by element 429, the knock sig-
nal 431 may have a negative value, representing excess
average noise energy. This is shown at reference
number 1305 in FIG. 13. This negative value is directly
representative of this phenomenon. To compensate for
this phenomena additional signal processing is provided
as follows.

The knock signal 431 is provided to an element 433
whichin turn provides a negative knock-noise signal 435.
This will extract only the excessive average noise energy
fromthe knock signal 431. Next the negative knock-noise
signal 435 is provided to an IIR lowpass filter 437. This
IIR lowpass filter 437 provides an average negative
knock-noise signal 439. Next, this signal 439 is offset and
scaled to provide an adaptive threshold. A summing
means 443 provides an offset average negative knock-
noise signal 445 responsive to a subtraction of a prede-
termine offset adjustment 441 from the average negative
knock-noise signal 439. Then a scaling means 449 pro-
vides a knock threshold 451 by scaling the product of the
offset average negative knock-noise signal 445 by a pre-
determined threshold multiplier 447. Finally, the knock
logic signal 107 is derived from a comparison element
453 that generates a logical one signal responsive to
receiving the knock signal 431 of a value greater than
the knock threshold 451.
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If desired, engine crank angle may be considered to
window, or activate, this knock detection system for
improved performance. Reference number 1303 in FIG.
13 shows the occurrence of top dead center or TDC for
the engine crankshaft. Preferably, the window would be
open from TDC to TDC + 40 degrees.

In conclusion, an improved system for detecting the
presence of a knock condition by interpreting a broad-
band spectra signal, in real time during a singular com-
bustion event as measured from an internal combustion
engine is described. The system is more reliable, and
accurate, can detect knock at high engine speeds,
requires minimum calibration and can be easily applied
to different engine families.

Claims

1. An apparatus for detecting the presence of a knock
condition by interpreting a broadband spectra signal
provided by a spectra measurement device compris-
ing:

knock discrimination means for providing an
average absolute knock spectra signal representa-
tive of average energy within a predetermined knock
spectra, extracted from the broadband spectra sig-
nal;

noise discrimination means for providing an
average absolute noise spectra signal representa-
tive of average energy within a predetermined noise
spectra, extracted from the broadband spectra sig-
nal;

summing means, coupled to the knock dis-
crimination means for receiving the knock spectra
signal, and coupled to the noise discrimination
means for receiving the noise spectra signal, said
summing means for providing a knock signal repre-
sentative of a subtraction of the average absolute
noise spectra signal from the average absolute
knock spectra signal;

means for providing a negative knock-noise
signal representing a negative portion of the knock
signal; and

comparison means for providing a knock
logic signal responsive to a comparison between the
knock signal and the negative knock-noise signal.

2. An apparatus in accordance with claim 1 wherein
said knock discrimination means comprises means
for determining more than one knock spectral com-
ponent from said broadband spectra signal and for
providing an average absolute knock spectra signal
representative of average energy within a predeter-
mined knock spectra dependent on the more than
one knock spectral component.

3. An apparatus in accordance with claim 1 wherein
said noise discrimination means comprises means
for determining more than one noise spectral com-
ponent from said broadband spectra signal and for
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providing an average absolute noise spectra signal
representative of average energy within a predeter-
mined noise spectra dependent on the more than
one noise spectral component.

An apparatus in accordance with claim 1 wherein
said comparison means provides a knock logic sig-
nal when a magnitude of the knock signal exceeds
a magnitude of the negative knock-noise signal.

An apparatus in accordance with claim 1 further
comprising:

offset adjustment means, for providing an ofi-
set filtered conditioned knock-noise signal, repre-
sentative of a summation of an offset adjustment
and the filtered negative knock-noise signal; and

wherein said comparison means provides the
knock logic signal responsive to a comparison
between the knock signal and the offset filtered con-
ditioned knock-noise signal.

An apparatus in accordance with claim 5 further
comprising a threshold multiplier means, for provid-
ing a scaled offset filtered conditioned knock-noise
signal, representative of a product of the offset fil-
tered conditioned knock-noise signal and a thresh-
old multiplier; and

wherein said comparison means provides the
knock logic signal responsive to a comparison
between the knock signal and the scaled offset fil-
tered conditioned knock-noise signal.

An apparatus for detecting the presence of a knock
condition by interpreting a broadband spectra signal
provided by a spectra measurement device compris-
ing:

knock discrimination means, comprising a
knock multiple bandpass filter, tuned to a predeter-
mined spectra, for providing a knock spectra signal
representative of signal present within a predeter-
mined knock spectra of the broadband spectra sig-
nal;

noise discrimination means, comprising a
noise multiple bandpass filter, tuned to a predeter-
mined spectra located apart and interdigitated with
the knock multiple bandpass filter, for providing a
noise spectra signal representative of signal present
within a predetermined noise spectra of the broad-
band spectra signal;

knock absolute value determining means for
providing an absolute knock spectra signal repre-
sentative of an absolute value of the signal present
within the knock spectra signal;

noise absolute value determining means for
providing an absolute noise spectra signal repre-
sentative of an absolute value of the signal present
within the noise spectra signal;

knock averaging means for providing an aver-
age absolute knock spectra signal representative of
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average energy within the absolute knock spectra
signal;

noise averaging means for providing an aver-
age absolute noise spectra signal representative of
average energy within the absolute noise spectra
signal;

summing means for providing a knock signal
representative of a subtraction of the average abso-
lute noise spectra signal from the average absolute
knock spectra signal;

negative determining means for providing a
negative knock-noise signal responsive to the knock
signal;

knock-noise averaging means for providing
an average negative knock-noise signal responsive
to the negative knock-noise signal;

summing means for providing an offset aver-
age negative knock-noise signal responsive to a
subtraction of a predetermined offset adjustment
from the average negative knock-noise signal; and

scaling means for providing a knock thresh-
old responsive to scaling the offset average negative
knock-noise signal by a predetermined threshold
multiplier; and

comparison means for providing a knock
logic signal responsive to comparing the knock sig-
nal to the knock threshold.

An apparatus in accordance with claim 7 wherein
said negative determining means comprises a half
wave rectifier.

A method for detecting the presence of a knock con-
dition by interpreting a broadband spectra signal
provided by a spectra measurement device compris-
ing the steps of:

providing an average absolute knock spectra
signal representative of average energy within a pre-
determined knock spectra, exiracted from the
broadband spectra signal;

providing an average absolute noise spectra
signal representative of average energy within a pre-
determined noise spectra, extracted from the broad-
band spectra signal;

providing a knock signal representative of a
subtraction of the average absolute noise spectra
signal from the average absolute knock spectra sig-
nal;

providing a negative knock-noise signal rep-
resenting a negative portion of the knock signal; and

providing a knock logic signal responsive to
a comparison between the knock signal and the neg-
ative knock-noise signal.
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